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Abstract

Introduction: Post-stroke aphasia is a prevalent and debilitating condition. Studies indicate that at least 1 in 5 stroke patients 
experience long-term effects of post-stroke aphasia. Speech and language therapy has long been the cornerstone of rehabilitation 
for these patients. Non-invasive brain stimulation (NIBS) techniques, such as Transcranial Direct Current Stimulation (tDCS), are 
an upcoming method that has shown promise.
Methods: A PUBMED search was done to select papers published for the use of tDCS in post-stroke aphasia. The key search 
terms used included ‘transcranial direct current stimulation’ or ‘brain polarisation’ with ‘language’, ‘aphasia’, and ‘post-stroke 
aphasia.’ Studies between March 2005 and May 2024 were included. 
Results: Our search yielded 37 studies of interest. The studies included those conducted on healthy individuals to assess the 
effects of tDCS and those conducted on patients with post-stroke aphasia. The majority of the studies were conducted in patients 
with chronic aphasia. Broca’s area in the left cerebral hemisphere was the most common stimulation site. Most studies have noted 
improvement with anodal stimulation of the left cerebral hemisphere, showing benefit in naming nouns but limited improvement 
in functional conversation. Results of right cerebral hemisphere stimulation conflicted with studies noting improvement with 
both cathodal and anodal stimulation. There were only a small number of studies on acute and subacute aphasia, and their 
findings were inconclusive.
Conclusion: Transcranial Direct Current Stimulation is a promising tool for post-stroke aphasia rehabilitation and may soon 
become a cornerstone of aphasia management when used in combination with other rehabilitation techniques. Further research 
is needed to understand the role of tDCS in treating acute aphasia and to fine-tune the stimulation parameters..
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Abbreviations

NIBS: Non-Invasive Brain Stimulation; tDCS: Transcranial 
Direct Current Stimulation; TMS: Transcranial Magnetic 
Stimulation; tACS: Transcranial Alternative Current 
Stimulation; tRNS: Transcranial Random Noise Stimulation; 
SLT: Speech and Language Therapies; MEP: Motor-Evoked 
Potentials; MIT: Melodic Intonation Therapy; ADL: Activities 

of Daily Living; fMRI: Functional Magnetic Resonance 
Imaging.

Introduction

Strokes are one of the most devastating diseases, incurring 
significant morbidity and mortality. As of 2019, stroke was 
the second-leading cause of death globally and the third-
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leading cause of death and disability combined, with a global 
incidence estimated to be 12.2 million [1], a prevalence of 
101 million [1], DALYs (disability-adjusted life years) lost 
due to stroke estimated to be 143 million [1], and deaths 
due to stroke estimated to be 6.55 million [1]. Impairment 
in communication due to aphasia or dysarthria and motor 
dysfunction in the form of hemiparesis or hemiplegia are 
the two most significant morbidities suffered by survivors 
of stroke. Global estimates of the occurrence of aphasia due 
to stroke are in the range of 20-40% [2,3]. Indian studies 
estimate aphasia due to stroke occurs in 21-38% of patients 
[4]. It has been stated, “One never recovers from aphasia; 
one recovers with aphasia” [5]. Spontaneous neuroplastic 
mechanisms and the reorganization of neural networks 
drive recovery from aphasia [6]. Studies in post-stroke 
aphasia rehabilitation have focused mainly on the various 
forms of Speech and Language Therapy. Non-invasive brain 
Stimulation (NIBS) methods such as Transcranial Magnetic 
Stimulation (TMS), Transcranial direct current stimulation 
(tDCS), Transcranial alternative current stimulation (tACS), 
and Transcranial random noise stimulation (tRNS) have 
also been used for aphasia rehabilitation. NIBS comprises 

stimulation in a target area of the brain by applying an 
electrical current directly on the scalp or by creating an 
electrical field with the help of magnetic induction on the 
scalp. Both TMS and tDCS have been found to modulate 
motor, sensory, cognitive, and behavioural responses. They 
can be used in repeated applications for neuromodulation by 
increasing or decreasing cortical excitability. This review will 
discuss the role of Transcranial Direct Current Stimulation in 
post stroke aphasia. We used the PUBMED online database to 
select papers published from March 2005 to May 2024. Our 
key search terms were ‘tDCS’ or ‘transcranial direct current 
stimulation’ or ‘brain polarisation’ combined with ‘language’ 
or ‘aphasia’.

Rehabilitative Strategies in Post-Stroke Aphasia 
Over the years, various categories of aphasia interventions 
have been investigated, either separately or in combination. 
These include Behavioral interventions such as Speech and 
Language Therapies (SLT) [6,7], Pharmacological therapies 
[8], and Non-Invasive Brain Stimulation (NIBS) (Figure 1) 
[9,10].

Figure 1: Rehabilitation Strategies in Post Stroke Aphasia.
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Speech and language therapy (SLT) is the most common 
methodology used for aphasia rehabilitation. First described 
by Paul Broca in his seminal paper in 1865, it remains a 
cornerstone to this day. The methods used for SLT can 
be broadly classified as restorative or compensatory [6]. 
Restorative treatment or impairment-based approaches 
aim to restore language processing by using the residual 
linguistic network and targeting the subcomponents of 
language. They seek to enhance performance on particular 
language activities, like naming, reading, spelling, word and 
sentence comprehension, or specific language processes, 
like lexical semantics, phonology, or syntax. The goal 
of compensatory treatment/functional communication 
techniques is to acquire new verbal or nonverbal skills to 
make up for language deficiencies. One such strategy is to 
integrate alternate forms of communication with residual 
language abilities. Functional communication approaches 
focus on assisting the person in communicating in everyday 
situations by removing obstacles to communication in the 
environment, enhancing communication through gestures, 
drawings, pointing, etc., and providing caregivers with 
training to improve communication. Multiple medications 
have been tried for possible beneficial effects in post-
stroke aphasia (Figure 1). Since large-scale trials for these 
medications are not available, none of them are currently 
approved for use [8].

Non-Invasive Brain Stimulation (NIBS) techniques can 
be useful for transiently modulating cortical excitability 
and causing long-term alterations after stimulation. Non-
invasive brain stimulation techniques can activate damaged 
brain areas or suppress areas whose hyperfunction may 
impair cognitive recovery. rTMS is a type of non-invasive 
brain stimulation that has been employed for post-stroke 
aphasia rehabilitation. It is possible to give rTMS at low or 
high frequencies. High-frequency stimulation is excitatory, 
while low-frequency stimulation is inhibitory. Usually, in 
order to promote perilesional left hemisphere activation 
in both subacute and chronic PSA and to prevent right 
hemisphere activation during language-related tasks, low-
frequency rTMS is frequently delivered to the contralateral 
right hemisphere [9].

Since 2010, numerous randomized controlled trials have 
shown the value of rTMS in the rehabilitation of post-
stroke aphasia, including subacute, chronic, and post-acute 
cases [9]. Furthermore, no study discovered that rTMS had 
a deleterious effect despite the trials being heterogeneous 
with varying rTMS parameters, stimulation sites, and 
patient characteristics. A few trials, meanwhile, have not 

demonstrated any effect; these studies were all related 
by the use of low-frequency rTMS, even though the other 
research components were not comparable. Up until now, 
meta-analyses of rTMS research have consistently produced 
positive results, supporting the idea that NIBS may, in fact, 
be crucial to post-stroke aphasia rehabilitation. Importantly, 
very few studies have performed an online rTMS with SLT, 
i.e., applying SLT while undergoing the rTMS session. The 
reason for this is simple: although synchronous SLT may be 
more beneficial, rTMS produces a loud clicking noise during 
administration, which can prove distracting to the patient 
during SLT.

Transcranial Direct Current Stimulation as a 
Rehabilitative Strategy for Aphasia 
tDCS is a safe, non-invasive, and painless electrical stimulation 
of the brain that alters cortical excitability by delivering 
mild electrical currents in the form of direct-current brain 
polarization, thereby inducing prolonged functional after-
effects. tDCS is performed with the help of a battery-driven 
device [10]. It involves the application of electrodes to the 
subjects with the passage of a weak electric current between 
the electrodes. The current isn’t strong enough to generate 
an action potential but can modulate the excitability of the 
underlying cortical neurons, making them more or less 
likely to discharge. tDCS offers several advantages. It is non-
invasive, portable, reusable, relatively inexpensive, and has 
minor side effects when used safely. It has a sham mode for 
single-blinded trials, and its versatility makes it a promising 
method for rehabilitation, proven to have beneficial effects 
in patients with Alzheimer’s disease, Parkinson’s disease, 
post-stroke motor impairment, and post-stroke cognitive 
impairment.

Effect of tDCS on Language in Normal Subjects 
Few studies have evaluated the effect of tDCS over the frontal 
and temporal cortex in normal subjects (Table 1). Iyer, et al. 
found that intensity-dependent improved performance on 
letter cue-word generation tasks was observed after anodal 
tDCS over the frontal lobe [11]. On the other hand, verbal 
fluency slightly decreased after cathodal tDCS. Anodal tDCS 
over the left dorsolateral prefrontal cortex improves verbal 
reaction times [12], while cathodal stimulation has no effect. 
Applying transcranial direct current stimulation (tDCS) 
over Broca’s area can enhance the brain’s ability to detect 
syntactic violations [13]. These studies show that stimulating 
language areas in healthy individuals can improve various 
language functions and provide a basis for further research 
in patients with aphasia.
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Author Stimulation 
site

Type of 
Stimulation Outcomes tested Results Comments

Iyer MB, et al. 
[11] Left PFC Anodal 

Cathodal

global measures 
of processing and 

psychomotor speed, 
emotion and verbal 

fluency

Fluency improved with 
anodal and decreased 

with cathodal stimulation

Left PFC has a role 
in verbal fluency

Fertonani A, et al. 
[12] Left DLPFC Anodal 

Cathodal

Naming performance 
and verbal reaction 

times

Improved with Anodal 
and no effect with 

cathodal stimulation

Left PFC has a role 
in verbal fluency

DeVries MH, et al. 
[13]

Left Broca’s 
Area

Anodal vs 
Sham

artificial grammar 
learning paradigm

Anodal activation of 
BA. Improved syntactic 
violation detection. BA 

stimulation, may be 
beneficial in aphasic 
individuals who have 

difficulties implementing 
grammatical rules 

appropriately.

Broca’s area 
has a role in 

understanding 
grammar and 
implementing 

grammar 
appropriately. BA 
also has a role in 

verbal fluency.

Liuzzi G, et al. 
[14]

Left Motor 
Cortex

Cathodal vs 
Anodal vs 

sham

Vocabulary 
acquisition in a 

language learning 
paradigm

Cathodal stimulation 
reduced success rates in 
vocabulary acquisition 

but no such effect 
in anodal or sham 

stimulation.

Motor Cortex has a 
role in acquisition 

novel action related 
words.

Floel A, et al. 
and Fiori V, et al. 

[15,16]

Left posterior 
perisylvian 

area - Wernicke 
Area

Anodal vs 
Sham

Learning a new 
lexicon - speed and 

accuracy

Anodal stimulation 
significantly improved 
word retrieval of newly 

learned words.

Stimulation of 
WA can facilitate 

verbal learning. WA 
stimulation also 
improves word 

retrieval.

Table 1: Studies evaluating the effect of tDCS on language function in normal subjects.

The Rationale for the Use of tDCS in Aphasia
tDCS mechanisms involve synaptic changes (altering 
synaptic transmission strength) and non-synaptic changes 
(shifting resting membrane potential). tDCS has a short-term 
effect on the resting membrane potential and a long-term 
effect through mechanisms such as long-term potentiation 
and depression. The long-term effect of tDCS has been 
shown to be abolished by pharmacological agents acting 
on the GABAergic, dopaminergic, and cholinergic neurons. 
tDCS may also have an effect on protein synthesis, calcium 
neuronal influx, the shape of the cytoskeleton, blood flow, 
the level of brain oxygenation, and local pH [10,17]. The 
stimulation can be either anodal or cathodal. In normal 
individuals, anodal stimulation depolarizes neurons, 
increasing excitability, while cathodal stimulation has the 
opposite effect, but the effects may differ between healthy 
individuals and stroke patients. Suzuki et al. showed that 

anodal transcranial direct current stimulation (tDCS) 
increased the size of motor-evoked potentials (MEP) in both 
stroke patients and normal subjects [18]. However, cathodal 
transcranial direct current stimulation (tDCS) enhanced 
the motor-evoked potential (MEP) in stroke patients when 
applied to the afflicted hemisphere, but it reduced the MEP in 
healthy individuals. Transcallosal connections between the 
2 hemispheres allow the hemispheres to inhibit each other 
mutually. A lesion in the left hemisphere reduces activity in 
the damaged cortical areas and diminishes the inhibition 
of the right hemisphere. This, in turn, leads to increased 
hyperactivity in the right hemisphere, further decreasing 
the activity of the left hemispheric areas. So, the rationale 
for tDCS is to increase the activity of the perilesional cortex 
(particularly targeting language areas in the left hemisphere 
(Broca’s area, Wernicke’s area, or motor cortex), or decrease 
the inhibitory effect of the contralateral hemisphere (right 
inferior frontal gyrus).
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Anodal tDCS (A-tDCS) is most commonly used in left 
hemisphere language areas to raise cortical excitability 
(lower activation threshold) in individuals with chronic 
aphasia. Even during the early post-stroke period, anodal 
transcranial direct current stimulation (tDCS) holds 
potential as a valuable rehabilitation intervention, given the 
heightened neuroplasticity observed during this phase. It 
is believed that tDCS has the capability to enhance learning 
by facilitating long-term potentiation, which is linked to 
enduring synaptic plasticity. Cathodal stimulation, in contrast, 
leads to hyperpolarization of the stimulated area, reducing 
its likelihood of firing. Cathodal tDCS is often applied to the 
healthy hemisphere to inhibit cross-hemisphere inhibition, 
allowing greater activation of the injured hemisphere. In dual 
tDCS, anodal and cathodal stimulation are simultaneously 
applied.

Stimulation Parameters used for tDCS in Aphasia
The montage used for tDCS can be either unipolar or bipolar 
[10]. Unipolar montage comprises one cephalic (over the 
scalp) and one extracephalic electrode. Bipolar montage 
requires both electrodes to be placed on the scalp. The 
placement of the reference electrode is important to the 
process since electrodes placed too far apart reduce the 
strength of stimulation applied due to the dissipation of the 
electric field; electrodes placed too close together may cause 
involuntary excess current flow under the electrode. The 
contralateral supraorbital region and contralateral deltoid 

are the reference electrode’s most commonly used area. 
Due to the electrodes’ size, tDCS can stimulate large cortical 
areas, albeit with reduced precision. The effects of tDCS are 
contingent upon factors such as the duration of stimulation, 
current density, characteristics of the neuronal tissue 
involved, and the direction of the current flow - whether it 
moves from the anode to the cathode or vice versa.

The stimulation parameters used for tDCS in aphasia include 
the intensity of the stimulation delivered, the total duration of 
stimulation, and periods of ramp up and ramp down, if any. A 
higher intensity of stimulation delivered could theoretically 
cause stronger stimulation and guarantee a better outcome. 
However, intensities exceeding 2mA are rarely used due to the 
risk of scalp irritation and unintended stimulation. Although 
optimal parameters remain unknown for the stimulation 
duration, studies have not used durations more than 30 
minutes. It is believed that prolonged stimulation may lead 
to excessive excitability in the cortex, potentially impeding 
long-term recovery. The most commonly used parameters in 
various studies are thus stimulation intensities of less than 
2mA and durations of less than 30 minutes each per session.

Timing of Stimulation and Patient Selection
Most of the studies that have evaluated the role of tDCS in 
post-stroke aphasia have included patients with chronic 
aphasia (Tables 2-5). 

Study Participants Type of 
Stimulation

Area 
targeted 

Number 
of 

sessions 

Duration 
of 

sessions 
Intensity Speech 

therapy
Outcomes 
assessed Results Follow up 

Hesse S, et 
al. [19]

5
(3 GA 2 WA) 

Anodal 
stimulation. 

Left motor 
cortex. 

30 
sessions. 7 minutes 1.5 mA Yes Aachener 

Aphasia test 

Anodal tDCS 
improves 

performance 
testing for 4/5 

aphasics. 

No follow up 

Baker JM, et 
al. [20]

10 
(6 AA 4 BA) 

Anodal/ 
Sham. 

Left frontal 
cortex. 5 sessions.

20 
minutes 1 mA Yes 

Picture 
Naming test 

Anodal tDCS 
increases 
accuracy.

Effects 
persisted for 
1 week after 
treatment. 

Marangolo 
P, et al. [21] 

3(NFA) Anodal/Sham. 

Left 
inferior 
frontal 
cortex.

5 sessions. 20 
minutes 1mA Yes Syllables, word 

repetition 

tDCS increases 
accuracy both 

in anodal 
and sham 

conditions, 
but the effect 
persists only 
after anodal 
condition.

Effects persist 
for 2 months 

after treatment.
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Marangolo 
P, et al. [22] 12 (NFA) Anodal/Sham. 

Broca’s 
area and 

Wernicke’s 
area.

10 
sessions. 

20 
minutes 1mA Yes 

Informative 
speech 

Conversat-
ional speech

Anodal tDCS 
over Broca’s 

area was 
beneficial.

Effects 
persisted at 1 

month 

Volpato C, 
et al. [23] 8 6 FA 2 NFA Anodal/Sham. Broca’s 

area. 
14 

sessions 
20 

minutes 2mA No Picture 
Naming test 

No significant 
difference 
between 
anodal 

and sham 
stimulation. 

No follow up 

Polanowska 
KE, et al. 

[24]

37 13 FA 24 
NFA Anodal/Sham. Broca’s 

area. 
15 

sessions. 
10 

minutes 1mA Yes 

Boston 
Diagnostic 

Aphasia 
Examination 

Both groups 
improved after 

therapy. No 
statistically 
significant 
difference 

between the 
groups. 

Im-provements 
persisted at 3 

months 

Vestito L, et 
al. [25] 3 Anodal/Sham. Left frontal 

region. 
10 

sessions 
20 

minutes 1.5mA Yes Picture 
Naming test 

Anodal tDCS 
was beneficial.

Up to 21 weeks. 
Percentage 
of correct 
responses 
persisted 

significantly 
better until 

the 16th week. 
Up to the 

21st week, 
the number 

of correct 
responses, 

though 
no longer 

significant, was 
still above the 
baseline level.

Campana S, 
et al. [26] 20 NFA Anodal/Sham. 

Left 
Inferior 
Frontal 
Gyrus

10 
sessions.

20 
minutes 2mA Yes 

Picture 
description, 

noun, and verb 
naming

Improvement 
in Picture 

description, 
noun, and verb 

naming

No follow up

Wu D, et al. 
[27]

12 Post 
subacute.8 
BA, 2 MA, 1 

AA, 1 CA

Anodal/Sham. 

Left 
Posterior 

Perisylvian 
region. 

20 
sessions.

20 
minutes 

1.2mA - 

Picture 
naming and 

auditory 
word picture 
identification.

Improvement 
in picture 

naming and 
auditory 

compreh-
ension.

No follow up 
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Meinzer M, 
et al. [28]

26, 9 BA, 9 
WA, 2 GA, 2 

AmA
Anodal/Sham. 

Left 
primary 
motor 
cortex 

8 sessions. 20 
minutes 1 mA Yes Naming test

Improvement 
in naming 
ability for 

trained and 
untrained 

items.

Effects 
persisted at 6 

months 

Branscheidt 
M, et al. 

[29]
16 NFA Anodal/Sham. 

Left 
primary 
motor 
cortex.

2 sessions 20 
minutes 2mA No Lexical 

decision task

Improvement 
in overall 
accuracy

No follow up 

Santos 
MDD, et al. 

[30]

13, 6 BA, 7 
AA Anodal/Sham. 

Left 
Inferior 
Frontal 
Gyrus

1 session 20 
minutes 2mA No Naming test No effect on 

Naming No follow up 

Woodhead 
ZVJ, et al. 

[31] 

21(patients 
with alexia) Anodal/Sham. 

Left 
Inferior 
Frontal 
Gyrus

11 
sessions 

20 
minutes 2mA Yes Reading 

Improvement 
in reading 
ability. No 
significant 

changes in the 
sentence or 
text reading 

level.

No follow up 

Pestalozzi 
MI, et al. 

[32]

14 chronic 
patients. Anodal/Sham. Left DLPFC 1 session 20 

minutes 2mA None 

Picture 
naming, 

phonemic 
fluency

Improvement 
in verbal 

fluency and 
in the speed 

of naming 
high-frequency 

words. No 
improvement 

in word 
repetition.

No follow up 

Table 2: Previous studies of tDCS in Chronic Post-stroke Aphasia - Left Frontal Stimulation.

Study Participants 
Type of 

Stimulation
Area 

targeted 

Number 
of 

sessions 

Duration 
of 

sessions
Intensity 

Speech 
therapy 

Outcomes 
assessed

Results Follow up 

Fiori V, et 
al. [16] 3 NFA Anodal/

Sham. 
Left posterior 

perisylvian area. 
5 

sessions 
20 

minutes 
1 mA Yes 

Picture 
Naming 

test 

Anodal 
tDCS 

increases 
accuracy.

Effect 
persists for 

3 weeks 
after 

treatment.

Fridriks-
son J, et al. 

[33]
8 AA Anodal/

Sham. 
Left posterior 

cortex.
5 

sessions 
20 

minutes 1mA Yes 
Picture 
Naming 

test 

Anodal 
tDCS 

reduces 
reaction 

time. 

Effect 
persists for 

3 weeks 
after 

treatment.
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Floel A, et 
al. [15]

12 1 GA, 7 
BA, 2 AmA, 

1 WA, 1 
unclassified

Anodal/
Cathodal/

Sham.

Temporo-
parietal junction.

3 
sessions

20 
minutes 1mA Yes 

Picture 
Naming 

test

Anodal 
tDCS 

increases 
accuracy.

Effect 
persists for 

2 weeks 
after 

treatment.

Fridriksson 
J, et al. [34] 74 Anodal/

Sham. 

Left 
temporoparietal 

regions

15 
sessions

20 
minutes 1mA Yes Naming 

test

Imp-
rovement 
in naming 

task. 
A-tDCS led 
to at least 
1.5-item 
greater 

imp-
rovement 
in correct 
naming.

No follow 
up 

Table 3: Previous studies of tDCS in Chronic Post-stroke Aphasia - Left Temporal Stimulation.

Study Part-
icipants 

Type of 
Stimula-tion

Area 
targeted 

Number 
of 

sessions 

Duration 
of 

sessions 
Intensity Speech 

therapy 
Outcomes 
assessed Results Follow up 

Monti A, et 
al. [35]

8, 4 GA, 4 
BA

Anodal/ 
Cathodal/ 

Sham. 

Right 
fronto-

temporal 
cortex.

1 session 10 
minutes 2mA No Picture 

Naming test

Improvement in 
the accuracy of the 

Picture Naming 
test 1 min after 

cathodal tDCS over 
Broca’s area. 

No follow up

Kang EK, 
et al. [36]

10, 3 GA, 4 
BA, 2 AA, 

1TCA

Cathodal/
Sham. 

Right 
inferior 
frontal 
gyrus. 

5 
sessions.

20 
minutes 2mA Yes Picture 

Naming test

Cathodal tDCS 
increases accuracy 

1 hour following 
the last session.

No follow up 

Vines BW, 
et al. [37] 6 BA Anodal/Sham. 

Right 
inferior 
frontal 
gyrus.

3 
sessions. 

20 
minutes 1.2mA Yes 

Automatic 
speech, picture 

description, 
picture 
naming 

Anodal tDCS 
improves fluency of 

speech.
No follow up 

Jung IY, et 
al. [38]

37, 10 FA, 
26 NFA Cathodal. 

Right 
inferior 
frontal 
gyrus.

10 
sessions. 

30 
minutes 

1mA Yes 

Korean 
version of 
Western 
Aphasia 
Battery 

Cathodal tDCS 
improves the 

aphasia quotient.
No follow up

Marangolo 
P, et al. 

[39]
7 NFA

Anodal and 
Cathodal 
(bihemi
spheric
 stimula

tion)

Anodal Left 
Inferior 
Frontal 
Gyrus. 

Cathodal 
Right 

Inferior 
Frontal 
Gyrus.

10 
sessions.

20 
minutes 2mA Yes

Picture 
description, 

noun naming 
and verb 
naming 

Improvement in 
picture description, 
noun naming, and 

verb naming. 

Improvement 
persisted 
at 1-week 
follow-up.
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Cipollari S, 
et al. [40] 6 NFA  Anodal/Sham.

Right 
Inferior 
Frontal 
Gyrus. 

15 
sessions 

20 
minutes 2mA Yes 

Picture 
description 

task, oral 
and written 

noun and 
verb naming 
tasks, word 
repetition, 

reading, and 
writing under 

dictation

Improvement in 
speech fluency. 
Better accuracy 
for words and 
sentences for 
treated and 

untreated items 
post-treatment. 

Benefits 
persisted 
at 1-week 
follow-up.

Shah-
Basak PP, 
et al. [41]

12 NFA Anodal/ 
Cathodal/Sham

Left frontal 
lobe, Right 
frontal lobe

10 
sessions 

20 
minutes 2mA No Picture 

Naming test

Greatest 
improvement 

in naming with 
Cathodal left FL 

stimulation. 

Benefits 
noted at 2 
weeks and 
2-month 

follow-up.

Marangolo 
P, et al. 

[39]

9 patients. 
NFA

Anodal and 
Cathodal 

(bihemispheric 
stimulation)

Left 
inferior 
frontal 
gyrus 

(anodal) 
Right 

inferior 
frontal 
gyrus 

(cathodal)

15 
sessions 

20 
minutes 2mA Yes 

Repetition 
of syllables 

produced via 
an auditory 

medium. 

Improvement in 
speech articulation. No follow up 

Norise C, 
et al. [42]

9 patients. 
NFA

Anodal/ 
Cathodal/Sham 

Left frontal 
lobe, Right 
frontal lobe

10 
sessions 

20 
minutes 2mA No Picture 

Naming test

Fluency 
improvements 

noted at word level 
and sentence level. 

Better 
improvement 

noted at 2 
weeks follow-

up

Silva FRD, 
et al. [43] 14 NFA Cathodal/

Sham. 

Right BA 
homo
logue.

5 sessions 20 
minutes 2mA No Picture 

Naming test 

No significant 
difference on 

Boston Naming 
Test at 1 week 

follow-up.

No significant 
difference 

Table 4: Previous studies of tDCS in Chronic Post-stroke Aphasia - Right Hemisphere Stimulation.

STUDY Participants 
Type of 
Stimula

tion
Area targeted Number of 

sessions 
Duration of 

sessions Intensity Speech 
therapy 

Outcomes 
assessed Results Follow up

Marangolo 
P, et al. 

[44] 
14 NFA Anodal/

Sham. 
10th thoracic 

spinal vertebra.
5 sessions. 20 minutes 2mA No  

Improvement 
in verb 
naming 

Improvement 
in verb naming 

1 week later.

Marangolo 
P, et al. 

[45]
12 NFA Cathodal/

Sham. 
Right 

cerebellum 5 sessions. 20 minutes 2mA Yes  
Improvement 

in verb 
generation 

Improvement 
in verb 

generation 
after treatment 

1 week later.

Table 5: Previous studies of tDCS in Chronic Post-stroke Aphasia - Non-Cerebral Hemisphere Stimulation.
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Only four studies have included patients with subacute 
aphasia, and the findings have been contradictory (Table 
6). It has been suggested that tDCS targeting perilesional 
areas in the acute or subacute phase after stroke could lead 
to limited language improvements. In the first months after 
the onset, most patients can, in fact, already exhibit a partial 
spontaneous recovery due to specific neural mechanisms. In 
the acute and subacute phases, there is a dynamic interplay 
between the damaged and the preserved hemisphere, making 
it difficult to identify the areas that need to be stimulated 
or inhibited. Hence, it is advisable to application of tDCS in 
chronic aphasic post-stroke patients rather than in the acute 
or subacute phase. In the chronic stage, it becomes more 
feasible to determine which brain connections remain intact 
and which regions exhibit higher levels of activity when 

doing specific cognitive activities. Furthermore, the activity 
around the lesion appears to be more robust and consistent 
six months later. For these reasons, it is often advised that 
tDCS be applied to perilesional areas in chronic aphasia [46]. 
However, there is recent evidence supporting the potentially 
beneficial role of rehabilitative measures in the early stages of 
post-stroke aphasia. Studies in speech and language therapy 
[47,48], transcranial magnetic current stimulation [9], and 
tDCS have brought forth beneficial effects in the acute-
subacute phases of post-stroke aphasia. Lazar et al. observed 
that early intervention after stroke, such as noninvasive 
brain stimulation, pharmacology, or targeted behavioral 
methods, may enhance the natural recovery processes that 
occur within the first 90 days [49].

STUDY Participants Type of 
Stimulation

Area 
targeted 

Number of 
sessions 

Duration
 of 

sessions 
Intensity Speech 

therapy 
Outcomes 
assessed Results Follow up 

You DS, et al. 
[50] 21 GA

Anodal/ 
Cathodal/

Sham. 

Anodal and 
Sham left 
superior 
temporal 

gyrus; 
cathodal 

right superior 
temporal 

gyrus. 

10 sessions. 30 minutes 2mA Yes 

Auditory 
verbal 

compreh-
ension 

Cathodal 
tDCS 

improves 
auditory 

verbal 
compre-
hension.

No follow up 

Polanowska 
KE, et al. 

[51]
24 NFA Anodal/

Sham. Broca’s area 15 sessions. 10 minutes 1mA Yes 
Boston 
Naming 

test 

Anodal tDCS 
had higher 
size effect 
in Naming 

times at 
end of 

treatment. 

Anodal tDCS had 
higher size effect 
in Naming times 

at 3 months 
follow up. 

Spielman K, 
et al. [52]

58, 30 FA, 20 
NFA, 8 MA

Anodal/
Sham. 

Left Inferior 
Frontal Gyrus. 5 sessions. 20 minutes 1mA Yes 

Boston 
Naming 

test 

No 
significant 
differences 

between 
anodal 

tDCS and 
sham-tDCS 

over the 
intervention 

period. 

No significant 
differences 

between anodal 
tDCS and sham-

tDCS on the 
Boston Naming 
Test at 6-month 

follow-up.
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Stockbridge 
MD, et al. 

[53]

58 subacute 
patients. 

Anodal/
Sham. 

Based on 
fMRI results. 15 sessions. 20 minutes 1mA Yes 

Picture 
Naming 

test 

No 
significant 

difference in 
the naming 

performance 
between 
baseline 

and 1 week 
post tDCS 

between the 
groups.

Statistically 
significant 
differences 

between groups 
with respect 
to efficiency 

of picture 
description, 
and change 
in content 
of picture 

description. 
No change 
in accuracy 

for untrained 
pictures. 

Table 6: Previous studies of tDCS in Subacute Post-stroke Aphasia.

The studies on tDCS have indeed included patients with both 
fluent and non-fluent aphasia and, in several cases, anomia. 
Few studies have compared the effect of transcranial direct 
current stimulation (tDCS) in individuals with fluent and 
non-fluent aphasia. Generally, individuals with fluent aphasia 
are known to have a favourable prognosis. Young-Jung et al. 
found that there was no statistically significant change in 
the improvement of aphasia quotient percentage between 
fluent and non-fluent aphasic patients [38]. A post hoc 
analysis in a Cochrane review found that although tDCS was 
effective in a mixed population of aphasics, it was ineffective 
in a population solely comprised of non-fluent aphasics [54]. 
Moreover, there was no evidence of a statistically significant 
difference in treatment impact between subgroups based on 
the kind of aphasia.

Another important factor to consider is the impact of tDCS on 
ischemic and hemorrhagic stroke. Young-Jung et al. found that 
patients with hemorrhagic stroke were more likely to have 
favorable outcomes (odds ratio=4.897, p<0.05) compared to 
those with ischemic stroke [38]. This is probably explained 
by the fact that patients with hemorrhagic stroke had 
subcortical lesions as compared to ischemic stroke. Patients 
with cortical lesions were more likely to experience severe 
aphasia compared to those with subcortical lesions.

Target Sites for tDCS in Post-Stroke Aphasia 
The targets of stimulation in post-stroke aphasia patients have 
exhibited a wide range of variations. The variability observed 
can be partially attributed to our limited understanding of 
language mechanisms and circuits in healthy individuals, the 
mechanisms of recovery during aphasia, and the mechanisms 
underlying the therapeutic effects of tDCS. The putative 

functions of extracerebral structures in language are also 
accountable for the diverse sites of activation. Most studies of 
tDCS in post-stroke aphasia have utilized stimulation of the 
left cerebral hemisphere and predominantly frontal regions 
of the language network, focusing on Broca’s area with an 
aim to enhance the activity of perilesional areas (Table 2). 
Few studies have focused on stimulation of the posterior 
perisylvian areas, including Wernicke’s area (Table 3). In their 
study, You et al. observed that patients with subacute global 
aphasia showed greater improvement in auditory verbal 
comprehension after receiving cathodal tDCS compared to 
those who underwent anodal or sham stimulation over the 
left superior temporal areas [50].

Other studies have also evaluated the effect of tDCS 
stimulation over the right hemisphere (Table 4). The Right 
hemisphere can have variable effects on the recovery 
of language function after a stroke [55]. In certain 
patients, the right hemisphere can gradually take on some 
language functions, especially when there is decreased 
interhemispheric inhibition caused by the diseased left 
hemisphere. In this group of patients, anodal tDCS over the 
right hemisphere may have a beneficial effect. This pattern 
is more commonly observed in patients with more extensive 
damage to the left hemisphere, with little to no preserved 
perilesional tissue in that area. Melodic intonation therapy 
(MIT) relies on the exaggeration of the musical qualities of 
speech and is another treatment technique that is predicated 
on the recruitment of the right hemisphere for language. 
Studies have shown that using right anodal tDCS along with 
treatments based on MIT improved verbal fluency in aphasic 
participants with severe left hemisphere lesions, again 
indicating that, especially in the subacute stages, the right 
hemisphere may have a facilitatory and adaptive role. In 
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other patients, the right hemisphere may exert an increased 
inhibitory influence on the preserved cortical areas in the 
left hemisphere, and in such patients, cathodal stimulation 

may enhance the activity of the preserved language areas in 
the left hemisphere (Figure 2).

Figure 2: The effect of tDCS on different targets in the language area. (a) in the chronic stage, anodal stimulation of the 
perilesional area would lead to improvement of language function. (b) in the subacute stage, when right sided language 
areas may subserve the language function and anodal stimulation along with decreased inhibition from left hemisphere may 
help in language recovery. (C) In some patients, the right hemisphere may excert inhibition over the left hemisphere thereby 
preventing the activation of preserved perilesional area in the left hemisphere. Inhibition of right hemisphere by cathodal 
stimulation may help in recovery of the left sided preserved language areas. (d) Bihemispheric stimulation-anadol in the left 
hemisphere to increase activity of perilesional areas and cathodol stimulation of right hemisphere will decrease the inhibition 
of left hemisphere.

Conversely, a perilesional neural activation would often 
occur in case of a localized and less severe injury and would 
contribute to a better recovery [55]. Anodal stimulation of 
the left hemisphere or cathodal tDCS of the right hemisphere 
would be theoretically beneficial in such patients. Similar 
results have been seen with cathodal stimulation of the 
preserved hemisphere on motor function in stroke survivors. 
In a systematic review and network metanalysis, Elsner et al. 
found that cathodal tDCS over the non-lesioned hemisphere 
led to significant improvements in activities of daily 
living (ADL), supporting the interhemispheric inhibition 
model [56]. Recently, doubts have been raised about the 
oversimplification or inaccuracy of the interhemispheric 
inhibition model. New models, such as the bimodal balance-
recovery model, have been proposed to address these 
concerns [57]. Therefore, conducting a functional magnetic 
resonance imaging (fMRI) study is advisable before 
performing transcranial direct current stimulation (tDCS) to 
identify the specific brain regions activated during particular 
tasks. Most fMRI studies have yielded excellent results in 
identifying the most active perilesional areas for a more 
personalized montage. Extracerebral structures such as 

the cerebellum and the T10 spinous process have also been 
analysed (Table 5).

Outcomes Assessed for the Effect of tDCS on Post-
Stroke Aphasic Patients
The effects of tDCS application can be measured in several ways. 
The most common method used is via behavioural measures, 
wherein the researchers aim to measure a given behaviour/
activity that would otherwise not be observed under sham 
conditions. For post-stroke aphasia, the assessed outcomes 
included functional communication and performance in 
naming nouns and verbs. Very few studies have evaluated 
the effect of tDCS on functional communication. Elsner et al. 
conducted a systematic analysis and found that there were 
only 3 studies with 112 participants that had used functional 
conversation as an outcome measure [54]. They found no 
evidence of the effect of tDCS on functional conversation. In 
the same meta-analysis, authors found an effect of anodal 
tDCS on naming nouns (11 studies with 298 patients; SMD 
= 0.51; 95% CI 0.11 to 0.90), but there was no effect of 
cathodal or dual tDCS. There was no evidence of any effect of 
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tDCS on naming verbs. According to a Cochrane review, there 
was a statistically significant effect of active tDCS (including 
combined treatment groups, anodal, cathodal, and dual) at 
the end of the intervention period for improving performance 
in naming nouns (SMD 0.42, 95% CI 0.19 to 0.66). However, 
there was no significant effect for naming verbs (SMD 0.19, 
95% CI -0.68 to 1.06) [58]. Considering the likelihood of a 
limited connection between language function (such as 
naming ability of nouns) following a stroke and functional 
communication scores, enhancing language function may 
not necessarily lead to a corresponding enhancement in 
performance during everyday communication scenarios.

Combining other Rehabilitation Strategies with 
tDCS
It is often recommended to integrate tDCS with other 
rehabilitation therapies to optimize the success of a 
language recovery program. Several studies have focused 
on coupling stimulation techniques with SLT, mostly to 
improve anomia. The speech therapy methods used were 
stimulation with auditory and visual sense, such as Melodic 
Intonation Therapy, Visual Action Therapy, and Auditory 
Comprehension Training. Intensive SLT alone can relieve 
symptoms in chronic post-stroke aphasia, but effect sizes 
are moderate and combination with anodal tDCS can have 
significant benefits in naming and communication abilities. 
tDCS for post-stroke aphasia can be performed either as 
an offline method or an online method. Some studies have 
reported enhanced performance when tDCS is applied 
concurrently with a language task such as naming pictures of 
objects or video clips. It is one way to potentiate the impact 
of tDCS, as the neurons involved in the task are thought 
to be more sensitive to the polarising effects of tDCS. The 
concurrent usage of tDCS and the task is termed “online.” 
In contrast, in the “offline” method, the requisite testing is 
performed before the tDCS sessions, and the benefits, if any, 
are noted by performing the tests again after the completion 
of the session.

Conclusion

To conclude, despite the heterogeneity of the studies 
regarding parameters, site, duration, frequency, and outcomes 
of stimulation, transcranial direct current stimulation (tDCS) 
has been shown to enhance language performance in healthy 
individuals and patients with aphasia. While tDCS is generally 
considered safe, certain high-risk individuals have been 
excluded from most of the studies - individuals with a history 
of epilepsy, psychiatric or neurological conditions such as 
brain tumors, and individuals using certain medications. 
As our understanding of language circuits, mechanisms of 
aphasia recovery, and mechanisms underlying the beneficial 
effects of tDCS continue to improve, it brings forth the idea 

that mere cathodal or anodal stimulation over an area would 
not necessarily bring about desired beneficial changes. 
Beneficial effects probably depend upon the stroke’s size, 
type of stroke (ischemic vs hemorrhagic), the site of the 
stroke, recovery processes that have taken place, and exactly 
which areas of the two hemispheres are functioning and 
subserving the language function. Additionally, in almost 
all studies using tDCS for aphasia, tDCS has not been used 
in isolation but has always been used in conjunction with 
other rehabilitative measures, as would be done in real life. 
However, the American Heart Association recommends 
that “inclusion of behavioral training in the majority of 
tDCS/aphasia studies may inhibit an understanding of 
what tDCS does autonomously to language functions” [5]. 
Though one can argue that an aphasia experiment without 
language training would deprive aphasic subjects of 
concomitant proven therapy, it might also enable a better 
understanding of tDCS, introducing better paradigms that 
can then be combined with previously proven methods of 
rehabilitation. The majority of studies have concentrated on 
chronic aphasia, which hampers the ability to draw broad 
conclusions from the data. The impact of transcranial direct 
current stimulation (tDCS) on acute and subacute aphasia 
is still unclear and requires further investigation. Finally, 
and most importantly, the studies’ endpoints have generally 
been naming on Picture Naming Tests or similar tests. It is 
unclear if improvements in noun and verb naming result 
in meaningful changes in functional communication and 
quality of life. As further information emerges, efforts would 
also need to be made for more meaningful improvements 
and recoveries.
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